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R 6 D C e n t e r for R a d l o S y s t e m s H l r a k a w a , C h l u o d a , T o k y o , J a p a n A B S T R A C T C o m m u n i c a t i o n s R e s e a r c h L a b o r a t o r y (CRL) of t h e Ministry of P o s t s and T e i e c o m m u n i c at i o n s h a s d e v e l o p e d a n e w h y b r i d s a t e s l l t e s y s t e m which c a n p r o v i d e both c o m m u n i c a t i o n s and p o s i t i o n i n g s e r v i c e s In o n e s y s t e m using t w o g e o s t a i t i o n a r y satellites.The d i s t i n c t i v e f e a t u r e is that location i n f o r m a t i o n c a n be provided by t r a n s m i t t i n g and r e c e i v i n g ranging s i g n a l s o v e r t h e s a m e c h a n n e l a s c o m m u n ic a t i o n s t h r o u g h t w o g e o s t a t i o n a r y satellites.

I N T R O D U C T I O N N o b i l e s a t e l l i t e s e r v i c e s ares c l a s s i f i e d into t w o c a t e g o r i e s , o n e b e i n g c o m m u n i c ations". p r o v i d i n g voice, m e s s a g e , d a t a t r a n smission and so on, and t h e o t h e r being r a d i o d e t e r m i n a t i o n which r i v e s information about location. in the past, t h e s e two s a t e l l i t e s y s t e m s h a v e been
T h e d i s t i n ct i v e f e a t u r e is that location i n f o r m a t i o n c a n be p r o v i d e d b y t r a n s m i t t i n g a n d r e c e i v i n g r a n g i n g s i g n a l s o v e r t h e s a m e c h a n n e l a s c o m m u n i c a
t i o n s t h r o u g h t w o g e o s t a t i o n a r y s a t e l l i t e s . h y b r i d s y s t e m d e v e l o p e d b y C R L a r e a s f o iiows; T y p e A : in which o n e c h a n n e l is used for both c o m m u n i c a t i o n a n d p o s i t i o n i n g .
A P N c o d e ( 1 0 2 3 chip rate) is used as a r a n g i n g signal and is t r a n s m i t t e d over a s i n g l e channel b y O Q P S K modulation.
T y p e B: i n which t h e e n t i r e frequency bandw i d t h of S C P C c h a n n e l s is used.
C o m m u n i c at i o n a n d r a n g i n g i n f o r m a t i o n at 5 k b p s , is s p r e a d b y a P N c o d e ( 2 5 5 c h i p r a t e ) into a
MHz bandwidth and is t r a n s m i t t e d by BPSK modulation. s y s t e m and t h e preliminary results. T h e t w o t y p e s o f t e r m i n a l s f o r t h e T h i s p a p e r g i v e s a n t h e o u t l i n e o f
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E X P E R I M E N T A L S Y S T E M T h e e x p e r i m e n t a l s y s t e m c o n s i s t s of t w o g e o s t a t i o n a r y s a t e l l i t e s , ETS-V ( 1 5 0 E) and I N M A R S A T ( I 8 0 E). a b a s e e a r t h s t a t i o n ( K a s h l m a S p a c e R e s e a r c h C e n t e r ) a n d m o b i l e e a r t h s t a t i o n s [SI.
T h e f r e q u e n c i e s b e t w e e n t h e s a t e l l i t e s and m o b i l e s a r e 1.8/1.5 GHz.
In o r d e r t o d e t e r m i n e t h e p o s i t i o n o f a m o b i l e p r e c i s e l y , r a n g i n g a c c u r a c y is a n e s s e n t i a l f a c t o r , w h i c h d e p e n d s o n t h e p e r f o r m a n c e o f t h e t e s t e q u i p m e n t a n d t h e p r e d i c t i o n a c c u r a c y of s a t e l l i t e orbits.
In o r d e r t o e v a l u a t e s y s t e m p e r f o r m a n c e , t h e io1 lowing t w o r a n g i n g s y s t e m s w i I I be e v a l ua t e d in t h e e x p e r i m e n t s . O n e i s t w o -w a y r a n g i n g as s h o w n Fig.1. T h e o t h e r is one-way r a n g i n g a s s h o w n Fig.2. 
E Q U I P M E N T C O N F I G U R A T I O N T w o t y p e s o f t e s t e q u i p m e n t h a v e b e e n d e v e l o p e d for the e x p e r i m e n t s with t h e hybrid s a t e l l i t e c o m m u n i c a t i o n system. T h e first o n e is c a l l e d t h e S C P C m e t h o d . w h i c h u s e s o n e communica.tion channel in a S i n g l e Channel Per C a r r i e r (SCPC) a c c e s s s y s t e m for both c o m m un i c a t i o n and r a d i o d e t e r m i n a t i o n . T h e s e c o n d o n e is c a l l e d t h e SS m e t h o d , w h i c h u s e s a S p r e a d S p e c t r u m t e c h n i q u e t o t r a n s m i t a n d r e c e i v e b o t h t h e c o m m u n i c a t i o n and r a n g i n g
s i g n a l s . Fig.3. T h e s e f i g u r e s a r e o b t a i n e d w i t h o u t using any r e f e re n c e earth stations. but i t is expected that greater a c c u r a c y c a n be o b t a i n e d using refere n c e s t a t i o n s which c a n e l i m i n a t e many r a n gins bias orrors. 
Both m e t h o d s use digital m o d u l a t i o n and d e m o d u l a t i o n t e c h n i q u e s . a n d h a v e r a n g i n g c a p a b i l i t i e s using a P I ( p s e u d o r a n d o m noise) c o d e . T h e w a i n c h a r a c t e r i s t i c s o f b o t h m e t h o d s a r e s h o w n in Tablel.
P O S I T I O N I N G A C C U R A C Y P o s i t i o n i n g a c c u r a c y d e p e n d s o n b o t h a c c u r a c y o f r a n g i n g and s a t e l l i t e l o c a t i o n information. Fig.3 s h o w s an e x a m p l e of t h e p o s i t i o n i n g accuracy using ETS-V and INMARSAT s a t e l l i t e s . T h e t h e o r e t i c a l p r e d i c t i o n is c a l c u l a t e d under t h e a s s u m p t i o n that r a n g i n g a c c u r a c y is 1 0 1 , t h e a a b i g u i t y of s a t e l l i t e l o c a t i o n i s 0 . 0 0 0 4 d e g r e e s in l a t i t u d e , 0.0005 d e g r e e s in l o n g i t u d e and 3 5 1 in radius. in l o w a n d m i d d l e l a t i t u d e a r e a s . a p o s i t i o n i n g accuracy of about s e v e r a l hundred m e t e r s is e x p e c t e d a s s h o w n in
METHOD O F M O D U L A T I O N S Y M B O L RATE O F P N S I G N
PN S I G N A L S F O R E L M I N A T I N G AMBIGUITIES
X I
PN S I G N A L S FOR S P R E A D I N G S I G N A L S
C O N C L U S I O N A h y b r i d s a t e l l i t e s y s t e m . w h i c h f u n ct i o n s b o t h f o r c o m m u n i c a t i o n a n d r a d i o d e t e r m i n a t i o n . is p r o p o s e d a n d t h e s y s t e m c o n f i g u r a t i o n s o f t w o d i f f e r e n t m e t h o d s a r e d e s c r i b e d . T h e p r o p o s e d s y s t e m c a n p r o v i d e n o t o n l y o r d i n a r y c o m m u n i c a t i o n s s u c h a s v o i c e a n d d a t a , b u t a r a d i o d e t e r m i n a t i o n s e r v i c e u s i n g a s i n g l e c o m m u n i c a t i o n c h a n n e l . R a d i o d e t e r m i n a t i o n and c o m m u n i c a t i o n e x p e r im e n t s u s i n g ETS-V a n d I N W A R S A T s a t e l l i t e s a r e p l a n n e d t o s t a r t f r o m t h e e n d of 1989. T h e e x p e r i m e n t a l r e s u l t s a r e e x p e c t e d t o c o n t r i bute t o e s t a b l i s h i n g new s a t e l l i t e s e r v i c e s , w h i c
